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Until recently, in-depth information about the dietary intake of this population has been lacking. In 2012-13, the National Aboriginal and Torres Strait Islander Nutrition and Physical Activity Survey (NATSINPAS) was conducted by the Australian Bureau of Statistics (ABS). The NATSINPAS survey, which collected food and beverage intake information using 24-hour dietary recalls, was the first to examine dietary intake information specific to the Indigenous Australian population at a national level. 2 The findings of the NATSINPAS are valuable for their potential to inform food and nutrition policy and programs; however, there are some key limitations and gaps in the data. Energy under-reporting, misreporting and reporting bias are common issues of collecting self-reported dietary intake data, [3] [4] [5] [6] [7] and additional challenges can be present when working cross-culturally. In the Indigenous Australian population, these include language barriers (with English often being a second, third or fourth language), low literacy and/or numeracy levels, cultural norms (such as reluctance to respond to direct questioning or to questioning of individual behaviour, fear of shame, and cultural law regarding communication between individuals), different perceptions of time and/or low acceptance of the value of measuring diet quantitatively. 6 In the NATSINPAS, the ABS estimated that energy intake was under-reported by as much as 24% for males and 31% for females. 8 Although it is accepted that misreporting is unlikely to apply to all foods equally, identifying where misreporting specifically occurred in the NATSINPAS was not possible. 2 Representativeness of the findings for usual dietary intake of Indigenous Australians may have been reduced by employment of a single 24-hour recall in those living remotely (56% of NATSINPAS sample) and under-representation of data collected on weekends. Finally, discretionary salt intake was not quantified in this survey, meaning sodium and iodine intakes were likely to be underestimated by approximately 20%. 9 Population-level food and nutrient availability can be assessed by collection of food and beverage purchase data. These data are increasingly being used to monitor the food supply and assess impact of nutrition-related policies and programs. Examples of this from 17 and assess the effectiveness of store-based interventions. [18] [19] [20] Food and beverage purchase data are objective, therefore not prone to the biases associated with self-reported data. [21] [22] [23] They can be collected through a number of methods, including collecting electronic point-of-sale data (from retailers), market research surveys or from records collected or retained by consumers (such as receipts).
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While the cost of obtaining such data can vary greatly, electronic-point of sales purchasing data, where available, can be collected and analysed cost-effectively, relative to selfreported data and with lower burden on individuals. 23 This allows for more frequent or ongoing monitoring of food and beverages purchases than is often possible with selfreported surveys.
In 2012-2013, as part of the baseline period for the 'Stores Healthy Options Project in Remote Indigenous Communities' (SHOP@ RIC), we collected store purchase sales data on all foods and beverages purchased from the community stores of 20 very remote Indigenous communities (servicing ~8,500 individuals) to indicate usual food and nutrient availability. 24 These data were collected in the same time period as the NATSINPAS, providing a unique opportunity to compare estimates from two very different dietary assessment methods. To the authors' knowledge, there have been no published statistical comparisons of population-level self-reported dietary data to food and beverage purchase data. Therefore, the aim of this study was to compare these datasets, and to provide potential insight into the evidence gaps from the NATSINPAS, and discuss evidence gaps and future directions for potential of food and beverage purchase data for monitoring population nutrition. Where necessary, volumes were converted to weights by multiplying the unit volume by the specific gravity. 25 Product weights were adjusted to reflect the edible portion by multiplying the unit weight by the edible portion.
Methods

Food and beverage purchase data collection
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NATSINPAS data collection
In-depth methods for the NATSINPAS are available in the users' guide. 8 data from only the 'very remote' Indigenous Australian population (including mean daily nutrient intake and proportion of energy from food groups) were requested from the ABS for the purpose of this analysis, to align the very remote SHOP@RIC population. The resulting dataset provided by ABS was aggregate population weighted data based on a single 24-hour recall from 1,363 individuals residing in very remote Australia (VR-NATSINPAS).
Statistical methods
Aggregate data from the VR-NATSINPAS included per capita nutrient intakes (weighted mean and relative standard error) and proportion of energy from food groups (weighted mean and margin of error). Relative standard error and margin of error estimates were converted to 95% confidence intervals (95% CIs) as per ABS explanatory notes. 8 For food and beverage purchase data, daily per capita nutrient availabilities were calculated by dividing the total nutrient contents of all foods and drinks purchased over the study period by the population (total number of people living in each of the 20 included communities aged over one year drawn from census data) 28 and the total number of days sales data were collected. Mean and 95% CI food and nutrient estimates from purchase data were weighted by the population in each community.
Differences between datasets were calculated using t-tests with unequal variance. All data analyses were conducted in STATA (Version 13.1, College Station, TX, USA). Table 1 shows the per capita nutrient estimates for each dataset. While mean per capita energy availability from food and beverage purchase data was substantially higher than that reported in the VR-NATSINPAS, the difference did not achieve statistical significance. There were, however, significant differences in some macronutrients ( Table 1 ).
Results
There was a significantly higher proportion of energy from sugar products and dishes, cereals and cereal products, non-alcoholic beverages (mostly soft drinks), fats and oils (mostly margarine), milk products and dishes (mostly milk) and confectionery and cereal/ nut/fruit/seed bars (mostly chocolate) in the food and beverage purchase data versus VR-NATSINPAS ( Figure 1 and Table 2 ). There was a significantly lower proportion of energy from meat/poultry/game products and dishes, vegetable products and dishes (mostly potato), cereal-based products and dishes, fish and seafood products and dishes, fruit products and dishes, and egg products and dishes (mostly eggs) in the food and beverage purchase data versus VR-NATSINPAS.
Discussion
We compared two methods of measuring population diet in the very remote Indigenous Australian population. We found that some discretionary food groups, including table sugar, soft drinks, sweet biscuits, processed meats and cordials, were higher in food and beverage purchase data than the VR-NATSINPAS. In contrast, the proportion of energy from fruit, vegetable and meat food groups were less than half of that reported in the VR-NATSINPAS. The discrepancies in types of foods were reflected by differences in some per capita nutrient estimates including protein, total carbohydrate and sugar.
This comparison suggests that the actual dietary intake of Indigenous Australians living in very remote Australia may be less adherent to the Australian Dietary guidelines than that indicated by the NATSINPAS, with higher intake of discretionary foods and sugar, and 
Limitations and evidence gaps for estimating population diet with purchase data
There are some key limitations of using food and beverage purchase data as a surrogate for population dietary intake. It is difficult to estimate the contribution of foods sourced outside of the store, such as from other service providers/food vendors or wildharvested foods, to usual dietary intake. Communities included in the present study did not have food vendors in the community outside of the primary store, and the median distance to the nearest competitor was 81.5 km (range 25-443 km), which increases the likelihood that most food and beverage purchases were captured. Further we have previously analysed the proportion of food sourced from within community stores compared to other service providers (including school and aged care programs) in three very remote Indigenous communities and found that ~98% of energy was derived from stores compared to other vendors, although this study did not measure wildharvested foods. 30 The contribution of wild-harvested foods to the modern day Indigenous Australian diet is difficult to quantify. There is little current information on the types and amounts of wild-harvested foods consumed by this population, although the contribution to energy is likely to be small at the populationlevel. 6 Lee et al. estimated that traditional foods contribute less than 5% of energy intake. 31 In the VR-NATSINPAS, only 2.5% of energy came from wild-harvested food categories (all from the wild-harvested meats; Supplementary Table 2) ; however, the NATSINPAS did not specifically aim to document wild-harvested versus commercially obtained foods. Foods that fall within 'wild-harvested' categories are those reported as being consumed in the NATSINPAS for which there was not a lower intakes of most of the five core food groups, protein and some key micronutrients. These differences are consistent with those expected from over-and under-reporting in dietary surveys. It has been well-recognised that foods high in sugar and fat are likely to be under-reported while fruit, vegetable and protein-rich foods are most likely to be overreported.
3-7 Lee et al. compared 24-hour recall to weighed dietary intake (combined with observation) in 36 individuals from two very remote Indigenous Australian communities. 6 Foods most likely to be omitted in recall were 'discretionary foods' , while items most likely to be added were wild-harvested foods, fruit and vegetables. The authors concluded that "relative to weighed dietary intake, the 24-hour recall method tended to over-estimate the intake of protein, fat and most vitamins and minerals, and under-estimate intake of refined and complex carbohydrate", 6 which is mostly consistent with our comparison of self-reported intake and food/drink purchases in the present study. Lee et al. also found that using store derived data to estimate dietary intake was the most acceptable to community members, and that estimated intake of most nutrients using this method lay within the 95% confidence intervals of weighed intake. 6 Energy under-reporting is common with selfreported dietary intakes; a pooled analysis of five studies comparing energy intake from 24-hour recall found that energy intake was under-reported by 15% (range between individual studies 6-28%) when compared to doubly labelled water. 29 We previously calculated a population-weighted estimated energy requirement of 8.9MJ/day. 19 Per capita energy estimates from the food and beverage © 2017 Menzies School of Health Research pre-existing food identification code, and that are usually not commercially available. For example, sting-ray would be coded as 'wild-harvested' , whereas fin fish that had been wild-caught would not. Therefore, the NATSINPAS data cannot be used to quantify intake of wild-harvested foods. A survey conducted as part of the SHOP@ RIC study found that 89% of respondents reported consuming traditional foods at least fortnightly and 71% at least weekly, although quantities were not measured. 32 Traditional foods may still play a role in the Indigenous Australian diet and further research is warranted to estimate the contribution of wild-harvested foods to dietary intake.
A further limitation to using food and beverage purchase data as a surrogate for dietary intake is that it is difficult to estimate the proportion of foods or beverages purchased and not consumed (i.e. food wastage). Some studies using sales data make assumptions about the proportion of food wasted (e. 37 Despite these limitations, at the population level, food and beverage purchase data present a method that is (in many cases) relatively inexpensive, timely and non-intrusive. 23 Of the five methods used by Lee et al. 6 to measure dietary intake, the only method rated as acceptable to the community was the store turnover method, which was rated as 'high acceptability' . Further, using objective food and beverage purchase data reduces or eliminates many of the errors inherent in self-reported data, such as under-reporting, response bias and reporting bias.
Limitations of this comparison
Some differences seen in individual food types between the two methods may be due to the way foods are categorised; for example, mixed foods may fall into different categories depending on whether individual ingredients are entered in the NATSINPAS (e.g. entering all ingredients of a sandwich separately or entering a food identification code relating to that type of sandwich). FSANZ has recently released the Australian Dietary Guidelines database, 38 in which the contribution from the five core food groups in the Australian Dietary Guidelines, as well as sub-classifications within food groups, is specified for each of the food identification codes. These data were not available for the NATSINPAS at the time of analysis, therefore we could not include this level of detail in the present comparison; however, this database will help to provide more in-depth information to compare dietary data across datasets and to dietary guidelines in the future.
A further limitation is that the sampling methods differed between the surveys. The ABS aimed to collect a representative sample of Indigenous Australians across Australia while the SHOP@RIC study included only Northern Territory communities, and did not include communities with <100 residents or those with competing stores, which may limit the generalisability of the data to the total population living in remote Indigenous communities. Nevertheless, SHOP@RIC communities were wide-spread across both coastal and inland locations in the Northern Territory, and were representative in relation to age and gender demographics when compared to the entire Australian very remote Indigenous Australian population (Supplementary Table 3) . 28 Residents in the 20 SHOP@RIC communities represent 10% of the entire population of Indigenous Australians who reside in very remote parts of Australia (44% of who live in the Northern Territory). 28 Strengths of the study include that the datasets were collected during the same time period (between 2012-2013), used the same nutrient databases and classification system and provide dietary intake estimates for large samples (1363 in VR-NATSINPAS and ~8,500 individuals using the food and beverage purchase data). Further, as these datasets were not specifically collected for this comparison, comparing the two methods did not burden communities.
Policy implications and future directions in the remote Indigenous setting
Using food and beverage purchase data as an indicator of population diet has enabled researchers and local policy makers to circumvent some of the challenges of collecting dietary data in the remote Indigenous Australian population, while minimising burden on the community. Beyond examining the effectiveness of research interventions, these data can be extremely useful as a monitoring and feedback tool to empower decision makers to improve the health of their communities. For example, in the remote Indigenous Australian setting, store committees often represent the community to make decisions regarding the store. Markers of dietary intake are valuable to store committees in making decisions regarding the food supply (e.g. modifying product availability within the store). We are currently investigating opportunities to develop a longitudinal monitoring system with a larger representative sample of stores (or other food vendors) servicing very remote Indigenous Australian communities to inform the development of local, state-wide and national food and nutrition policy and programs.
There is potential for food and beverage purchase data to complement selfreported data such as that collected by the NATSINPAS, 39 particularly as the measurement errors inherent in purchase data are likely to be independent from those inherent in self-reported data. For example, in future versions of NATSINPAS, it may be considered to use purchasing data to estimate the total sodium and iodine intakes including discretionary salt (which is difficult to quantify in self-reported data), or to use purchases to adjust for energy under-reporting by indicating the foods and beverages where differential reporting is likely to have occurred.
Conclusions
The NATSINPAS provides valuable, muchneeded data about the dietary intake of Indigenous Australians; however, there are several limitations to these data. Our findings complement the NATSINPAS data to provide insight into these data gaps.
The differences we observed in nutritional estimates derived from the very remote sample of the NATSINPAS and food and beverage purchase data for 20 very remote Indigenous communities are mostly consistent with known self-reporting biases, and suggest that actual dietary intake is less aligned with dietary guidelines than indicated in the NATSINPAS. Using food and beverage purchases to monitor population food and nutrient availability as a surrogate for dietary intake has enabled researchers and local policy makers to circumvent some of the challenges of collecting dietary data in the remote Indigenous Australian setting; however, further evidence is needed to inform approaches to managing limitations such as wastage, contribution of foods and beverages sourced outside the store (including wild-harvested foods) and differences within subgroups of the population.
